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A method of applying a powder coating to a length of lignocellulosic material such, as for example a sheet of paper includes the steps 
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of the impregnating composition; (c) removing the non-aqueous solvent or solvents; (d) placing the impregnated length of lignocellulosic 
material in an electrostatic field or in a fluidized bed and applying a powder coating composition thereto so that the powder coating 
composition adheres thereto; and (e) then subjecting the length of lignocellulosic material to elevated temperatures to polymerise and/or 
cross-link the resin or resins in the length of lignocellulosic material and to cure the powder coating composition to form the powder coating. 
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METHOD OF APPLYING A POWDER COATING TO A LENGTH OF A 
LIGNOCELLULOSIC MATERIAL 



BACKGROUND OF THE INVENTION 

This invention relates to a method of applying a powder coating to a length 
of a lignocellulosic material, such as for example a sheet of paper. 



Powder coating is the term given to the application of a decorative coating 
principally to metallic articles. The coating is applied to the article in an 
electrostatic field by propelling dry pigmented particles from a special gun, 
which is friction or electrostatically activated, towards the article, the 
particles being attracted to the article by electrostatic forces. The particles 
adhere to the surface of the article, and depending upon the force of the 
electrostatic field, successive particles adhere until the required build up is 
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achieved, whereafter any surplus powder falls from the article and may be 
recovered. The article is then moved through a suitable oven at elevated 
temperatures, usually in the range of 140°C, to 185 °C, or at lower 
temperatures in the presence of ultra violet light, to cause the powder 
particles to melt, flow, coalesce and cure to form a coating. 

The advantages of powder coating are that a wide variety of textures and ^ 
surface finishes may be achieved, the coatings are very tough and resistant 
to wear and in exterior grades, resistant to weathering. In addition, the 
powder coating method is solventless and because the powder can be 
recovered for reuse, wastage is virtually nil. The thickness of the coating 
on the article may be very accurately controlled. Further, the method is of 
particular application to articles of complex shape. Powder coatings are 
further characterised by their flexibility and adhesion so that, after powder 
coating, an article such as a flat sheet may be post formed over curves or 
edges. 

One powder coating technique requires that the article to be coated must be 
able to sustain an electrostatic field for the particles of the powder coating 
composition to adhere thereto. It is possible that an article which does not 
retain an electrostatic field could be dampened or wetted in order for the 
particles of the powder coating composition to adhere to the article. 
However, oven heating of the article may lead to the commencement of 
decomposition, or to "blowing" as gasses escape through the coalescing 
powder film from the heated article. The alternative is fusion coating 
wherein the article is preheated before applying the powder coating, such 
as in a fluidized bed. 

There is thus a need for a method by which articles which normally cannot 
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be powdered coated, can have a powder coating applied thereto. 
SUMMARY OF THE INVENTION 

According to the invention there is provided a method of applying a powder 
coating to a length of a lignocellulosic material, which method includes the 

steps of i 

(a) impregnating the length of lignocellulosic material with an 
impregnating composition comprising either: 

(i) a dicarboxylic anhydride or a tricarboxylic anhydride 
dissolved in a suitable non-aqueous solvent; 

or 

(ii) an isocyanate thermosetting resin dissolved in a suitable 
non-aqueous solvent; 

or 

(iii) a combination of a dicarboxylic anhydride or a 
tricarboxylic anhydride and an isocyanate thermosetting 
resin dissolved in a suitable non-aqueous solvent; 

(b) if necessary removing from the impregnated length of 
lignocellulosic material any excess of the impregnating 
composition; 

(c) removing the non-aqueous solvent or solvents; 

(d) placing the impregnated length of lignocellulosic material in an 
electrostatic field or in a fluidized bed and applying a powder 
coating composition thereto so that the powder coating 
composition adheres thereto; and 

(e) then subjecting the length of lignocellulosic material to elevated 
temperatures to polymerise and/or cross-link the resin or resins 



WO 97/45591 



PCT/GB97/01464 



4 

in the length of lignocellulosic material and to cure the powder 
coating composition to form the powder coating. 

The length of a lignocellulosic material may be for example a sheet of 
paper, a length of peeled or sliced wood veneer, a length of laminated 
wood, chip board, fibre board, or the like. 

DESCRIPTION OF EMBODIMENTS 

The crux of the invention is that a length of a lignocellulosic material is 
1 modified, which then permits the length of lignocellulosic material to be 
powder coated. 

Lignocellulosic material refers to any plant material emanating from the 
photosynthetic phenomenon. This includes paper, linen, cotton cloth, 
woven hessian, and the like. 

Thus, the length of a lignocellulosic material may be for example a length 
of paper, a length of a composite lignocellulosic material, e.g chip board or 
fibre board, or a length of timber e.g a peeled, sliced or sawn thin section 
of timber. 

A method of impregnating the length of a lignocellulosic material with an 
impregnating composition, and the nature of various components of the 
impregnating composition itself, are fully described in South African Patent 
Application No 97/1161, (corresponding to PCT/GB 97/00440) which is 
incorporated herein by reference. Nevertheless, certain details of this 
impregnating composition and the method are set out below. 
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The suitable non-aqueous solvent for the anhydride and the suitable non- 
aqueous solvent for the isocyanate resin may be the same or may be 
different but compatible. 

The dicarboxylic anhydride may be selected from the group consisting of 
maleic anhydride, phthalic anhydride, succinic anhydride and 
tetrahydrophthalic anhydride, and the tricarboxylic anhydride may be 
trimeljitic anhydride. Suitable solvents include methyl acetate, eihyi 
acetate, methylethyl ketone, benzene, trichloroethylene and 
dichlorpmethane, preferably dichloromethane. Another suitable solvent is 
liquid carbon dioxide. 

The choice of solvent is dictated by its suitability including toxicity, ease of 
handling, boiling point and evaporative rate, which in turn affect its ease of 
recovery from the lignocellulosic material after impregnation, its inertness 
and therefore absence of interference chemically, flammability and danger 
of explosion, its solvency thereby propagating the infusion and intimate 
wetting of the cellular tissue of the lignocellulosic material, and finally its 
ease of recovery, e.g. by absorption in activated carbon followed by steam 
purging and distillation, or condensation and refrigeration or membrane or 
sieve technologies or optionally, in the case of liquid carbon dioxide, 
allowing escape to the atmosphere. Examples of suitable solvents are 
methyl acetate, ethyl acetate, methylethyl ketone, benzene, trichloroethylene 
and dichloromethane. Dichloromethane is the preferred solvent, because it 
is non flammable, has a boiling point of approximately 39° Centigrade and 
is relatively inert, and meets the other requirements of the process. In 
addition dichloromethane has the propensity to absorb water as a solute 
forming a 98% azeotrope thereby denaturing the lignocellulosic material and 
further propagating the latency of the isocyanates which react with hydroxy! 
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containing compounds, notably water, to produce urethanes. The high 
evaporative rate of dichloromethane also propagates the more rapid 
evaporation of residual water. 

Another suitable solvent is liquid carbon dioxide. 

Liquid carbon dioxide is a supercritical fluid solvent maintained in 
processing at a temperature of the order of -4Q°C, and a pressure of 18 
atmospheres. 

It is often a waste product from other processes, is non-polluting, is 
inexpensive, and meets the other requirements of the non-aqueous solvent. 

In order to remove the carbon dioxide solvent from the lignocellulosic 
material, pressure is gradually released after the removal of the excess 
impregnating composition, and the carbon dioxide is released to the 
atmosphere, or recaptured for reuse. 

When the solvent is removed, the residual carboxylic acid groups have a 
dielectric loss factor such that the modified lignocellulosic material is able 
to conduct electricity, thereby sustaining an electrostatic field allowing the 
length of lignocellulosic material to be electrostatically powder coated. 

The reaction between the anhydride and the lignocellulosic material at 
elevated temperatures in the absence of solvents is an esterification reaction 
yielding, as an example, lignocellulosic maleate or phthalate or succinate 
with a residue of water. The anhydrides may be represented as follows: 
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HC-CO 



HC-CO 




-co 



-CO 



;o 



Succinic 



snhydr-icis 



Maleic 



ctiiii j li i iuc 



Phthalic 
anhydride 



Other anhydrides such as propionic and butyric anhydride may be esterified 
to wood or other lignocellulosic material. The result of the reaction is 
effectively a lignocellulosic polyester, because in the cases of maleic 
anhydride, phthalic anhydride and succinic anhydride, a polymerisation 
takes place resulting in binding properties when the impregnated and dried 
material is subjected to heat and pressure, thereby complimenting the 
function of the resin used in this invention. In the case of maleic 
anhydride, the double bond opens allowing cross linking and in the case of 
phthalic anhydride, the ring opens initially, followed by polymerisation. 



A further notable function of the anhydrides is that they scavenge any 
available hydroxyl groups or water, thereby further promoting the latency 
of the isocyanates in the impregnating liquor (when present) by preventing 
the reaction of these isocyanates with hydroxyl groups which would give 
rise to the formation of urethane polymers, and also denaturing the 
lignocellulosic material during the impregnation process. 



A still further function of the anhydrides is that after contact with the 
lignocellulosic material and the removal of the solvent, the residual 
carboxylic acid groups catalyse the polymerisation of the isocyanates. 
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The impregnating composition may also include a long chain carboxylic acid 
such as a CIO to C50 monocarboxylic acid, preferably stearic acid, 
dissolved in a suitable solvent, such as methyl acetate, ethyl acetate, 
methylethyl ketone, benzene, trichloroethylene and dichloromethane. 

A number of carboxylic acids may be esterified to wood or other 
lignocellulosic materials in the absence of solvents at elevated temperatures. 
Apart from the esierificai ion potent iai, the long chain carboxylic acids with 
a relatively small polar group attached, tend to orientate with the polar 
group to the hydroxyl groups in the polymers of the lignocellulosic cell 
walls, with the long carbon chain orientated toward water ingress, thereby 
imposing hydrophobicity. 

The impregnating composition preferably contains from 0,25% to 30% 
inclusive, more preferably from 0,25% to 15% inclusive of the anhydride 
by weight of the impregnating composition. 

As the lignocellulosic material preferably takes up from 50% to 150% 
inclusive, more preferably from 90% to 110% inclusive of the impregnating 
composition by weight of the lignocellulosic material before removal of the 
solvent, after removal of the solvent the amount of the anhydride in the 
lignocellulosic material thus ranges from 0,125% to 45% inclusive by 
weight of the lignocellulosic material, more usually from 2% to 12% 
inclusive by weight of the lignocellulosic material. 

The impregnating composition may include an isocyanate thermosetting 
resin dissolved in a suitable non-aqueous solvent. The solvent for the 
isocyanate resin is preferably the same as the solvent for the anhydride, 
which is preferably dichloromethane or liquid carbon dioxide, but may be 
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a different compatible solvent. 

Isocyanates arc compounds containing the group - N=C = 0 and are 
characterised by the general formula: 

R(NCO) x . 

wherein x is variable and denotes the number of NCO groups, and R 
denotes a suitable group. 

Examples of organic isocyanates include aromatic isocyanates such as m- 
and p-phenylenediisocyanate, toluene-2,4- and 2,6-diisocyanates, 
diphenylmethane-^'diisocyanate, diphenylmethane-2 t 4-diisocyanate, 
chlorophenylene-2,4-diisocyanate t diphenylene-4, 4' -diisocyanate, 
4,4 , diisocyanate-3,3'dimethyldiphenyl, 3-methyldiphenylmethane-4,4*- 
diisocyanate and diphenyletherdiisocyanate and 2,4,6-triisocyanatotoluene 
and 2,4,4*-triisocyanatodiphenylether. There may be present mixtures of 
isocyanates for example a mixture of toluene diisocyanate isomer such as 
the commercially available mixtures of 2,4- and 2 f 6-isomers and also the 
mixture of di and higher polyisocyates produced by phosgenation of 
aniline/formaldehyde condensates. Such mixtures are well-known in the art 
and include the crude phosgenation products containing mixtures of 
methylene bridged polyphenylpolyisocyanates including diisocyanate, 
triisocyanate and higher poly isocyanates together with any phosgenation by- 
products. 

Preferred compositions are those wherein the isocyanate is an aromatic 
diisocyanate or polyisocyanate of higher functionality in particular crude 
mixtures . of methylene bridged polyphenylpolyisocyanates containing 
diisocyanate, triisocyanate and higher functionality polyisocyanates. The 
methylene bridged polyphenylpolyisocyanates are well-known in the art and 
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are sometimes referred to as polymeric methylene bridged 
polyphenyldiisocyanate (MDI) having an isocyanate functionality ranging 
from 2,5-3 and other products sometimes referred to as crude MDI having 
higher functionality. They are prepared by phosgenation of corresponding 
mixtures of polyamines obtained by condensation of aniline and 
formaldehyde. 

Specific examples of suitable isocyanates are those having an (NCO) content 
percentage preferably exceeding 20%, more preferably exceeding 25%. 
These isocyanates promote latency or reduced reactivity because of the high 
number of NCO groups, and provide the maximum capacity for hydroxyl 
bonding. Examples are Desmadur VKS or Desmadur VK by Bayer, which 
are solvent free mixtures of aromatic polyisocyanates such as diphenyl 
methane-4,4 di-isocyanate and polymeric matter. These and similar are 
among those referred to as MDIs in the industry. A further description 
used is a di-isocyanate-diphenyl methane, further examples being Suprasec 
DNR-5005, which is a polymeric MDI, or Suprasec 2020 which is a 
monomeric MDI with available NCO percentages of 30,7% and 29% and 
which are polymeric MDI with standard functionality and monomeric MDI 
respectively. The Suprasec resins are supplied by ICI. A further example 
of a crude MDI is Voronate M 229 by Dow Chemical Company. 

Further suitable di-isocyanates are the toluene di-isocyanates with the 
alternative names tolylene di-isocyanate or toluylene di-isocyanate with the 
abbreviation TDI, such as Desmadur L75 by Bayer. 

A further example of the principle of wood esterification is the use of ethyl 
isocyanate which reacts with hydroxyl groups to form ethyl carbamate 
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(urethane) according to the formula: 

C 2 H 5 NCO + H 2 0 NH 2 COOC 2 H 5 

The isocyanate resins are fully soluble in dichloromethane and react with the 
hydroxyl groups on the cellulose and hemi cellulose molecules of the 
lignocellulosic material to form a wood ester. In this way they form a 
chemical bond-adhesion rather than a --cohesive adhesion. They are therefore 
effective in contributing not only to a reduction in water sensitivity but also 
to superior binding. In addition, they scavenge any carboxyl groups which 
are residual from the carboxylic acid derived from the anhydride. The 
isocyanate resins lend themselves to synergistic binding of composites and 
to the propagation of superior mechanical properties by a two way linkage 
with the residue of the anhydrides and the hydroxyl groups on the 
lignocellulosic material itself. 

The impregnating composition preferably contains the isocyanate 
thermosetting resin in an amount of from 1,5% to 60% inclusive of the 
isocyanate thermosetting resin by weight of the impregnating composition. 

The impregnating composition preferably includes both an anhydride and an 
isocyanate resin, for the best results. 

In the impregnating composition there may also be incorporated other 
additives such as for example a fire retardant or fire inhibitor, a 
bacteriostat, a fungicide, an insecticide, an ultraviolet light absorber or 
stabiliser, an ami oxidant, a hydrophobic agent such as a silicone or 
siloxane, or a wax. 
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The impregnation is preferably conducted by irrigating the moving lengths 
in a reel to reel configuration, or in a reel to flat configuration. The 
impregnating composition immediately wets the paper throughout its depth, 
and the weight of the impregnating composition applied per unit area of the 
paper is accurately controlled. 

Alternatively, when the lignocellulosic material is paper, the paper may be 
wound into loose rolls of from 200mm to 1 400mm in width-and diameters 
of up to 1V4 meters, may be impregnated by placing them in an 
impregnation cylinder or autoclave. The cylinder is then sealed and 
subjected to a vacuum. This exhausts all air from the paper and from 
between the windings in the roles. The vacuum line is isolated and the 
impregnating composition is cascaded into the cylinder until full. Pressure 
is now exerted either hydraulically or pneumatically to ensure thorough 
impregnation uniformly throughout the mass of the material. The cylinder 
is drained and the charge is subjected to a post vacuum in order to remove 
all excess impregnating composition which is also returned to its receptacle. 
The charge is now subjected to induced heat in order rapidly to evaporate 
the solvent. The heat induction may be by heating coils around the cylinder 
or alternatively by the introduction of hot air circulating around the charge 
serving both to convey heat and to cany the rapidly evaporating solvent, or 
by microwave or by any combination. The solvent laden air passes from 
the cylinder, over condensation coils onto which the solvent condenses and 
thence again past the heating elements, and back into the cylinder on a 
closed loop. Mechanical compression may also be used to further facilitate 
condensation. As the process of the recovery of solvent nears completion, 
the residual air is then passed through activated carbon or through a 
membrane in order to "polish" the emitted air to conform to emission 
standards. 
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As is indicated above, after the paper has been impregnated with the 
impregnating composition, there is removed from the impregnated paper any 
excess of the impregnating composition and then there is removed the non- 
aqueous' solvent or solvents, preferably for reuse. 

When the length of a lignocellulosic material is for example a length of 
wood or wood veneer or chipboard or the like, the impregnation may be 
conducted by placing the length of lignoeeliiiiosic material in a suitable 
container such. as a pressure cylinder, and introducing the impregnating 
composition into the container, impregnating the length of lignocellulosic 
material by any of the cycles: vacuum/pressure/ vacuum, or 
vacuum/ vacuum, or pressure/greater pressure/ vacuum; removing the 
impregnating composition from the container; and removing the solvent 
from the impregnated length of lignocellulosic material. 

In step (b) of the method, there is removed from the impregnated length of 
lignocellulosic material any excess of the impregnating composition. This 
step is obviously only necessary where there is excess of the impregnating 
composition in the length of lignocellulosic material. 

In step (c) of the method, there is removed from the impregnated length of 
lignocellulosic material the non-aqueous solvent or solvents. This may be 
achieved using electronically induced heat such as infra red induced heat. 
The solvents are preferably recaptured for reuse. 

Prior to step (d) of the method, if it is desired to form a laminate of two or 
more lengths of lignocellulosic material impregnated as described above, an 
adhesive may be applied between each sheet and the sheets may then be 
laminated together either in a flat or corrugated configuration, with heat to 
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cause the adhesive to set. 

In step (d) of the method, the impregnated length of lignocellulosic material 
is placed in an electrostatic field or in a fluidized bed and a powder coating 
composition is applied thereto. 

Generally, the powder coating composition, in the form of a finely divided 
pre -formulated dry powder, is -propelled towards the surface of 
lignocellulosic material from a suitably charged applicator gun, either 
friction or electrostatic, such that the panicles of the powder coating 
composition adhere to the surface of the length of lignocellulosic material. 
Electrostatic charged guns are preferred such as the Super Carona by Gema. 
Any particles of the powder coating composition that do not adhere to the 
surface of the length of lignocellulosic material, fall from the length of 
lignocellulosic material and may be recovered. 

Examples of suitable powders are polyurethanes or epoxy polyesters for 
interior use or pure polyesters for exterior use, in gloss, suede or matt, in 
textures, hammer tones, metallics, pearlescents, wrinkle finishes or multi 
colours. Curing temperatures are from as low as 100°C in the presence of 
ultra violet light using photosensitive catalysis, or in the range of 140- 
185 °C, with cure times of a few seconds to three minutes 

In step (e) of the method, the length of lignocellulosic material is subjected 
to elevated temperatures to polymerise and/or cross-link the resin or resins 
in the impregnated length of lignocellulosic material and to cure the powder 
coating composition to form the powder coating. 

For example, the length of lignocellulosic material may be passed through 
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a space heater in which the temperature of the length of lignocellulosic 
material is raised to a level above 140°C, more usually above 185°C. 

At the conclusion of the heating step, the powder coating composition is 
fully cured. 

The impregnating composition provides the length of lignocellulosic material 
with improved properties of strength, water resistance, and surface stability . 
In addition, the powder coating composition may cross-link with available 
NCO groups from the impregnating resin, resulting in a chemical adhesion 
of the powder coating to the length of lignocellulosic material. 

It is the anhydride or isocyanate resin, in the suitable non-aqueous solvent, 
in the impregnating composition which provides the lignocellulosic material 
with the required dielectric properties. For example maleic anhydride in 
dichloromethane has a dielectric loss factor of 0,97 from which it may be 
deduced that it has the capacitative properties to allow the acceptance of 
electric charge and allow the grounding of the lignocellulosic material in the 
electrostatic field. By comparison dichloromethane on its own has a 
dielectric loss factor of 0,25 and a 10% solution of an isocyanate in 
dichloromethane has a dielectric loss factor of 0,26. 

The dielectric constants of various materials for use in the invention are set 
out below: 
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PTFE rod - Control 



f(MHz) 


€' 


e" 


tan £ 


651 


2.00 


<0.001 


0.0005 


1502 


2.00 


<0.001 


0.0005 


2356 


2.01 


0.001 


0.0005 


3208 


2.02 


0.002 


0.0010 



Maleic anhydride dry powder 



f(MHz) 


e' 


tt 

e 


tan 6 


651 


2.34 


< 0.002 


< 0.0008 


1504 


2.31 


<0.002 


< 0.0008 


2359 


2.32 


< 0.002 


< 0.0008 


3214 


2.33 


< 0.002 


< 0.0008 



Sample 2020 Suprasec by ICI (isocyanate resin) 



f(MHz) 




e" 


tan 6 


651 


3.87 


0.568 


0.1470 


1503 


3.61 


0.394 


0.1092 


2357 


3.58 


0.312 


0.0822 


3211 


3.60 


0.312 


0.0867 



Sample 103 Suprasec by ICI (flexible isocyanate resin) 



f(MHz) 




e" 


tan 5 


651 


3.44 


0.365 


0. 1063 


1503 


3.27 


0.284 


0.0869 


2357 


3.21 


0.254 


0.0790 


3211 


3.21 


0.255 


0.0795 
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Sample 5005 Suprasec by ICI 



f(MHz) 


e' 


e" 


tan 6 


651 


3.65 


0.404 


0.1109 


1503 


3.47 


0.274 


0.0789 


2357 


3.46 


0.233 


0.0675 


3210 


3.47 


0.227 


0.0654 



The reference measurement of j^iFfc, yielded values of e' and e M within the 
measurement tblerance of the equipment (i.e. -5% on e'). 



Maleic anhydride powder is almost totally lossless and would not heat in a 
microwave field. 

Samples 2020, 103 and 5005 (isocyanate resins) are quite similar and would 
all heat substantially in a microwave oven. 

Examples of suitable lengths of lignocellulosic material to be treated by the 
method of the invention include lengths of paper having a weight of 125 g, 
160 g, 230 g, 340 g, 450 g or 560 g per m\ or multi laminates of sheets 
of paper in flat or shaped form. Other suitable materials include lengths of 
wood or wood veneer, or chipboard or the like. 

When the length of lignocellulosic material is a sheet of paper, after the 
powder coating, the powder coated sheet of paper may be attached to 
another substrate such as for example chipboard, medium density 
fibreboard, cement fibre board, cement bonded particle board, or plywood, 
to provide such products with decorative surface. 
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For example, a powder coated sheet of paper may be applied to a substrate 
with an adhesive, typically in low pressure presses such as .veneer presses 
or continuous laminating plants. 

The method of the invention has the main advantage that it allows a powder 
coating composition to be applied to articles which previously have not been 
able to be powder coated. The modification of a length of a lignocellulosic 
-raa-seriai -provides the length of iignocelluiGsic material with the required 
dielectric properties to allow a powder coating to be applied thereto. In 
particular, the method of the invention allows a powder coating composition 
to be applied a sheet of paper. The paper so coated may then be applied to 
another substrate. This has advantages including costs advantages, and ease 
of working and the like. 
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CLAIMS 

1 A method of applying a powder coating to a length of a lignocellulosic 
material includes the steps of: 

(a) impregnating the length of lignocellulosic material with an 
impregnating composition comprising either: 

(i) a dicarboxylic anhydride or a tricarboxylic anhydride 

dissolved-in a suitable non-aqueous solvent; 

or 

(ii) an isocyanate thermosetting resin dissolved in a suitable 
non-aqueous solvent; 

or 

(iii) a combination of a dicarboxylic anhydride or a 
tricarboxylic anhydride and an isocyanate thermosetting 
resin dissolved in a suitable non-aqueous solvent; 

(b) if necessary removing from the impregnated length of 
lignocellulosic material any excess of the impregnating 
composition; 

(c) removing the non-aqueous solvent or solvents; 

(d) placing the impregnated length of lignocellulosic material in an 
electrostatic field or in a fluidized bed and applying a powder 
coating composition thereto so that the powder coating 
composition adheres thereto; and 

(e) then subjecting the length of lignocellulosic material to elevated 
temperatures to polymerise and/or cross-link the resin or resins 
in the length of lignocellulosic material and to cure the powder 
coating composition to form the powder coating. 

1 A method according to claim 1 wherein the length of lignocellulosic 
material is selected from the group consisting of a sheet of paper, a 
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length of peeled or sliced wood veneer, a length of laminated wood, 
or a length of chip board. 

3 A method according to claim 1 or claim 2 wherein the impregnating 
composition comprises: 

(iii) a combination of a dicarboxylic anhydride or a tricarboxylic 
anhydride and an isocyanate thermosetting resin dissolved in a 
-suitable non-aqueous solvent 

4 A method according to any one of claims 1 to 3 wherein the 
dicarboxylic anhydride is selected from the group consisting of maleic 
anhydride, phthalic anhydride, succinic anhydride and 
tetrahydrophthalic anhydride, and the tricarboxylic anhydride is 
trimellitic anhydride. 

5 A method according to any pne of claims 1 to 4 wherein the suitable 
non-aqueous solvent for the anhydride and the suitable non-aqueous 
solvent for the isocyanate thermosetting resin are selected from the 
group consisting of methyl acetate, ethyl acetate, methylethyl ketone, 
benzene, trichloroethylene and dichloromethane. 

6 A method according to claim 5 wherein the solvent is - 
dichloromethane. 

7 A method according to any one of claims 1 to 4 wherein the suitable 
non-aqueous solvent for the anhydride and/or the suitable non-aqueous 
solvent for the isocyanate resin is liquid carbon dioxide. 
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8 A method according to any one of claims 1 to 7 wherein the 
impregnating composition contains from 0,25% to 30% inclusive of 
the anhydride by weight of the impregnating composition. 

9 A method according to any one of claims 1 to 8 wherein the 
impregnating composition contains the isocyanate thermosetting resin 
in an amount of 1,5% to 60% inclusive of the isocyanate 
thermosetting resin by weight of the impregnating composition. 

10 A method according to any one of claims 1 to 9 wherein the powder 
coating composition is selected from the group consisting of 
polyurethanes, epoxy polyesters and polyesters; 

11 A method according to any one of claims 1 to 10 wherein in step (e) 
the length of lignocellulosic material is passed through a space heater 
in which the temperature of the length of lignocellulosic material is 
raised to a level above 140°C. 

12 A method according to claim 1 1 wherein the temperature of the length 
of lignocellulosic material is raised to a level above 185°C. 

13 A method according to any one of claims 1 to 10 wherein in step (e) 
the length of lignocellulosic material is passed through a space heater 
in the presence of ultra-violet light. 



INTERNATIONAL SEARCH REPORT 



Intel nal Application No 

PCT/GB 97/01464 



A. CI.ASSII-ICA'nONOI-SUUJhXn MAITBR 

IPC 6 D21H23/64 D21H23/30 B27K3/15 B27K3/5G //D21H17:72, 
D21H17:15,D21H17:08,D21H19:24,D21H19:28 

According, to International Patent Classification (IPC) or to both national classification and IPC 

H. PI K LPS Sf-ARCHFD 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 D21H B27K 



Documentation searched other than minimum documentation to the extent that such documents arc included in (he fields searched 



liJcctronic data base co mulled during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONS1DERKD TO HK RRI.KVAMT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 96 13468 A (PLASCON TECH ;SYM0NS 
MICHAEL WINDSOR (ZA)) 9 May 1996 
see page 21 - page 24 

US 5 385 754 A (EARL HAROLD A ET AL) 31 

January 1995 

see the whole document 

GB 1 348 272 A (ARJOMARI PRIOUX) 13 March 
1974 

see page 2, line 46 - line 106; claims 1,2 



1,2.5,6 



1.2,4 



1.2.4-6 



□ 



I 'urther documents arc listed in the continuation of box C. 



m 



Patent family members arc listed in annex. 



" Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing dale 

"1/ document which may throw doubt* on priority claim(s) or 
which ii ated to establish the publication date of another 
citation or other special reason (ax specified) 

"O" document refcrnng to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority dale and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the d aimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stalled 
in the art. 

document member of the same patent family 



Dale of the actual completion of the international search 



16 September 1997 



Date of mailing of the international search report 



3 0.09.97 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Palentlaan 2 
NL • 2280 HV Ripwijk 
Tel. ( + 31-70) 340-2040. Tx. 31 651 cpo nl, 
f ajc( t 31-70) 340-3016 



Authorized officer 



Songy, 0 



Form PCT/1SA/310 <ietond ihect) (Jury 1993} 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Inu onal Application No 

PCT/GB 97/01464 



Patent document 
cited in search report 



Publication 
date 



Patent family 
membcr(s) 



Publication 
date 



wu 




A 
M 




AN 


3750995 A 


23-05-96 










AU 


3751095 A 


23-05-96 










EP 


0789730 A 


20-08-97 










EP 


0789675 A 


20-08-97 










wo 


0613551 a 


09-05-96 

U7 V/»J 










7A 


Q50Q1 11 A 


24-05-96 

C" vJ 7U 


1 IC 


D 5 OOf OH 


A 

H 




PA 
CM 




10-03-94 










Lr 




OA-05-94 

UH UJ 










FI 


934271 A 


30-03-94 










NO 


A *\ *\ M ^ A in 

933469 A 


A A"% A A 

30-03-94 


GB 


1348272 


A 


13-03-74 


FR 


2104707 A 


21-04-72 










BE 


761069 A 


27-05-71 










CH 


541665 A 


31-10-73 










DE 


2124432 A 


17-02-72 










LU 


62364 A 


27-07-71 










NL 


7101621 A 


09-02-72 



Form PCT/ISA/2ID (patant family annex} (July I9M) 



